Abstract: Wheat production is globally weighed down by several biotic factors of which rusts and powdery mildew are the most important. Powdery mildew, caused by Blumeria graminis f. sp. tritici, is becoming a disease of major importance in the North Western Plains Zone and Northern Hills Zone of the country. In the present context of climate variability, diseases like powdery mildew can assume greater importance in wheat breeding programs. Importance of basic studies on powdery mildew is the need of hour. A set of 370 Indian bread wheat, durum, dicoccum and triticale varieties were screened using mixture of natural occurring pathotypes from four locations -3) , moderately susceptible (4-6) and highly susceptible (>6) response respectively against powdery mildew. Data indicated that there is an urgent need to broaden the genetic base of wheat by identifying and introgressing new sources of powdery mildew resistance. With limited sources of PM resistance available, above identified genotypes can be further used and characterized for resistance breeding programs in India.
INTRODUCTION
Wheat (Triticum aestivum L.) is one of the cereals grown worldwide and a major source of energy, protein and fibre in human diet. It is the second most important crop after rice in India and is grown on 30 m ha area. In India, the annual wheat production was 93.90 million tonnes whereas global wheat production was estimated at 704.08 million tonnes during 2011-12 (Anonymous, 2012) . Three species of wheat are cultivated in India viz., T. aestivum (Bread wheat), T. durum (Macaroni wheat) and the T. dicoccum (Emmer wheat) occupying around 95% , 4% and 1% area. Wheat production and productivity need to be enhanced to meet the growing demand of ever increasing population. Wheat crop production is affected by several biotic (rusts, Karnal bunt, powdery mildew and loose smut) and abiotic factors (heat, drought, salinity and waterlogging) (Chatrath et al., 2007) . North Western Plains Zones has been considered as the pivotal zone for the historical green revolution and at present it is the major contributor to the total wheat production in the country. Higher yield potential coupled with disease resistance in the wheat varieties is considered essential for sustaining wheat production in this zone. Stripe rust and powdery mildew are the ma-ISSN : 0974-9411 (Print), 2231-5209 (Online) All Rights Reserved © Applied and Natural Science Foundation www.jans.ansfoundation.org jor diseases of Northern Hills Zone and North Western Plains Zones of India. Heavy economic losses around the globe have reported due to stripe rust (caused by Puccinia striiformis) and powdery mildew [caused by Blumeria graminis f. sp. tritici (Bgt)] diseases of wheat (Alam et al., 2013; Chen, 2005) . Bgt is a biotrophic fungus distributed throughout world especially in cool or warm and humid climatic areas (Priestley and Bayles, 1998; Huang et al., 2004) . The finding of Biffen (1905) led to the foundation of systematic resistance breeding to diseases followed by discovery of gene for gene hypothesis by Flor (1956) . These discoveries led to the identification and deployment of resistance genes and understanding the resistance mechanism. Till date, more than 60 resistance genes have been identified and designated on 50 loci (Pm1-Pm50). Out of these, Pm1, Pm 3, Pm 4, Pm 5, Pm8/Pm17 and Pm 24 are having multiple alleles (Mwale et al., 2014) . Thirty three designated genes have been identified from T. aestivum and remaining genes have been identified from related species and genera. In India, Powdery mildew disease of wheat has assumed importance especially in North Western Plains zone, Northern Hills zone and Southern Hills zone (Singh et al., 2009) . Indian germplasm lacks variability for powdery mildew resistance as evident from the susceptibility of wheat varieties developed recently in India (Singh et al., 2009 ) . Nine out of 400 germplasm lines evaluated at multiple locations for four years were found resistant indicating resistance breeding for powdery mildew is not a breeding objective in Indian breeding programmes. However, sporadic incidence of powdery mildew has been reported from Rajasthan, Maharashtra and Karnataka (Arya and Ghemawat, 1953; Gadore and Patwardhan, 1965; Patil et al., 1969) . Not much work on powdery mildew resistance in wheat was carried out in the past. Recently, two powdery mildew resistance genes, identified in T. boeoticum (A b A b ) accession pau5088 (PmTb7A.1 and PmTb7A.2) and transferred to T. aestivum using marker assisted selection Chhuneja et al., 2015) . It is also by and large accepted that in the absence of diverse genetic pool, the breeding approach may not prove successful. The genetic diversity for resistance to powdery mildew within wheat needs to be enriched with identification and mobilization of new genes. Therefore, the present study was taken to identify the powdery mildew resistance of released varieties for direct use in breeding programmes.
MATERIALS AND METHODS
The experiment was carried out during rabi season at ICAR-Indian Institute of Wheat and Barley Research (ICAR-IIWBR), Karnal in polyhouse under controlled conditions (Latitude 29.43 o N, longitude 76.58 o E and altitude 245 m) on sandy clay loam soil. The plant material consisted of 370 released wheat varieties of which 326 T. aestivum, 36 T. durum, 5 T. dicoccum and 3 Triticale (X Triticosecale Wittmack) varieties. The varieties were timely sown as hills (5seeds/ hill) with a spacing of 20cm following all the recommended package of practices for raising a good wheat crop in the polyhouse. Bgt infected plants were collected from four locations viz., Ludhiana, Karnal, Yamunanagar and Dhaulakuan during the early crop season. The inoculum was multiplied on susceptible variety PBW 343 grown in plastic pots. The mixed inoculum obtained from all locations was dusted on the test genotypes and the infected pots were also placed in the polyhouse to create epiphytotic condition. After every 7-8 days, the old batch of infected plant pots was replaced with fresh infected plants in pots. The temperature (22) (23) (24) (25) o C) and humidity (80-90%) was maintained during the period of study. The wheat seedlings were inoculated at 25-30 days after planting which was the most vulnerable period of susceptibility. Data was recorded when the infection on susceptible check PBW 343 was at its maximum following the scale 0-9 given by Leath and Heun (1990) . The scale is based on infection types where 0 = immune (no visible sign of infection); 1-3 = resistant (1= flecks with no necrosis, 2 = necrosis and 3 = chlorosis, while amount of mycelium went from none to detectable amount); 4-6 = moderately susceptible (chlorotic area decreasing in amount but mycelium an d conidia production increases); 7-9 = Highly susceptible (increasing amount, size and density of mycelium and conidia to a compatible reaction)
RESULTS AND DISCUSSION
Released varieties of wheat (T. aestivum, T. durum, T. dicoccum and triticale) were screened for powdery mildew resistance under artificially created epiphytotic conditions (mixed population of Bgt). Released varieties exhibited powdery mildew reaction ranging from immune score of 0 to highly susceptible of 9 according to the scale given by Leath and Heun (1990 Table 2 . Powdery mildew reaction of released varieties of bread wheat (T. aestivum).
HD 4672, HD 4530, Jay) where as 13, 5 and 13 varieties showed resistant, moderately susceptible and highly susceptible powdery mildew reaction respectively. Out of 13 resistant reaction showing varieties, 5, 4,4 varieties exhibited reaction of 1, 2 and 3, respectively. In moderately susceptible varieties, all varieties showed reaction of 5. However in highly susceptible category, 4 and 9 varieties exhibited reaction of 7 and 9 respectively. In T. durum group, 50% varieties showed resistance (immune and resistant) against powdery mildew pathotypes. T. dicoccum (5 varieties) and Triticale (3) varieties were evaluated for powdery mildew resistance (Table  4) . It was found that out of 5 T. dicoccum varieties, 4 varieties exhibited immune reaction and one variety exhibited resistance reaction, whereas 2 and 1 varieties showed immune and resistance reaction respectively, incase of Triticale varieties. It was observed that none of the varieties were showing susceptible reaction in both T. dicoccum and Triticale. In the present study, a wide range of reactions from immune to highly susceptible were shown by T. aestivum and T durum whereas immune to resistant reactions were exhibited by T. dicoccum and triticale varieties. Resistance to powdery mildew was evaluated on material collected from different sources in field nurseries in Israel and Netherland (Gerechter-Amita and Vansilfhout, 1984) and they observed diverse response to powdery mildew infection ranging from highly resistant to completely susceptible. Similarly commercial wheat varieties were screened for their resistance to powdery mildew in Pakistan with a variety of reactions ranging from resistant to highly susceptible (Shahzad et al., 2014) . Similar results for different wheat varieties were also reported by Kaur et al. (2012) in which the susceptible check PBW 343showed 90% leaf area infected by powdery mildew fungus. The screening period for powdery mildew was tillering stage as depicted by Rani et al. (2008) as they found late sown crop was vulnerable to powdery mildew infection as in this study powdery mildew inoculations were made after 25-30 days after sowing. They also reported susceptibility of most widely cultivar PBW 343. The varieties PBW 343, PBW 550 and DPW 621-50 have shown susceptible reactions to powdery mildew at Malan and Dhaulakuan (Gupta et al., 2014) signifying that the recently released varieties are not having high level of resistance against this disease.
Conclusion
A wide variation for powdery mildew reaction ranging from immune (score = 0) to highly susceptible (score =7-9) was observed in the present study indicating that powdery mildew resistance was not an integral part of the breeding programs of the country. dew. None of the T. dicoccum and Triticale varieties had shown susceptible reaction indicating higher resistance level for powdery mildew in them. Resistant varieties identified in this study may be used in breeding programme for enhancing powdery mildew resistance. These resistant varieties can be further used in identifying and characterizing resistance genes using gene matching and molecular biology tools.
